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Abstract: The Hedgehog signaling pathway plays a key role in mammalian embryogenesis, while it is
quiescent in adult tissues. The aberrant activation of Hedgehog signaling pathway has been linked to multiple
types of malignant tumors, which makes it an attractive target for cancer therapy in recent years. Up to now,
two Hedgehog inhibitors (vismodegib and sonidegib) have been proved by FDA for the treatment of tumors.
However, drug resistance and severe adverse reactions represent the problems in their clinical application.
Novel inhibitors targeting Smo, such as taladegib, NVP-LEQ506, MRT-92, and downstream or upstream of Smo
receptor such as Shh ligand and Gli have been developed to overcome the drug resistance and adverse reactions.
The current Hedgehog inhibitors are used for treatment of basal cell carcinoma only, while many ongoing clinical
trials are conducted to investigate the antitumor effect of Hedgehog inhibitors in other malignancies. Here we
reviewed the research progress of the new anticancer drugs targeting the Hedgehog signaling pathway and their
prospect in variety of cancers therapy.
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Figure 1 Schematic of the canonical Hedgehog signaling
pathway. A: When the Hedgehog ligand (Hh) is absent, Patched
(Ptch) inhibits the activation of Smoothened (Smo) and
Glioma-associated oncogene homolog (Gli) is suppressed by a
protein complex mainly composed of suppressor of fused (SuFu).
Gli is phosphorylated and is unable to enter the nucleus; B: In the
presence of Hh, it binds to Ptch and relieves PTCH-mediated
Smo inhibition. The activated Smo promotes the dissociation of
complex of Sufu and Gli, thereby Gli is able to enter the nucleus
and triggers the downstream target genes, resulting in activation
of the canonical Hedgehog signaling pathway
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Table 1 Mechanisms of Hedgehog pathway signaling in cancer
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Mechanism

Cancer type

Ligand dependent Autocrine
Paracrine
Ligand independent Smo mutations

Ptch1 mutations
SuFu mutations

Gli protein dysregulation

Colorectal, gastric, melanoma, prostate, small cell lung cancer
Colorectal, lymphoma, multiple myeloma, pancreatic

Basal cell carcinoma

Basal cell carcinoma, medulloblastoma, rhabdomyosarcoma
Medulloblastoma, rhabdomyosarcoma

Pancreatic
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Table 2 Launched Hedgehog inhibitors. Data sourced from ClinicalTrials.gov (www.clinicaltrials.gov)

Compound Target Organization Cancer type Phase of clinical research
Vismodegib Smo Roche Basal cell carcinoma Launched
(GDC-0449) Medulloblastoma Phase II (NCT00939484)
Glioblastoma Phase I (NCT00980343)
Ovarian cancer Phase I (NCT00959647)
Colorectal cancer Phase II (NCT00636610)
Pancreatic cancer Phase IT (NCT01088815)
Chondrosarcoma Phase II (NCT01267955)
Multiple myeloma Phase I (NCT02693535)
Small cell lung carcinoma Phase IT (NCT00887159)
Prostatic adenocarcinoma Phase II (NCT01163084)
Diffuse large B-cell lymphoma Phase I (NCT01944943)
Acute myeloid leukemia Phase IT (NCT02073838)
Breast cancer Phase I (NCT02694224)
Bladder cancer Phase I (NCT02788201)
Plasma cell myeloma Phase I (NCT01330173)
Sonidegib Smo Novartis Basal cell carcinoma Launched

(NVP-LDE225)

Medulloblastoma
Pancreatic cancer
Plasma cell myeloma
Multiple myeloma
Breast cancer

Acute leukemias
Esophageal cancer
Lung cancer

Prostate cancer
Ovarian cancer

Phase I (NCT01708174)
Phase I (NCT01431794)
Phase I (NCT02086552)
Phase IT (NCT02254551)
Phase I (NCT01757327)
Phase 1T (NCT01826214)
Phase I (NCT02138929)
Phase I (NCT01579929)
Phase T (NCT02111187)
Phase I (NCT02195973)
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M 24 F PR E — T T 5 R 4N IR B TSI PR
W5t TAK-441 1697 J5 A R R B EA 2 2 b
IR RS . 55 AL, HEFEAREIE, RO
BLAT (O 32 L), PRk TAK-441 A8 RE _EHzy
W A T 245 A0 B B A P 0

3.2.1.2  Glasdegib (PF-04449913) Glasdegib &2
Pfizer /A @] #fF ] F{U#E 1] Smo ) Hedgehog #1715
7E Shh BLAAREGE Daoy 4H M Hedgehog 17 5 B 1) 15
Airh, glasdegib 7] LLZEGNBE /R 7K1 B 41| Daoy 4H i
Glil ff) mRNA KU, M55t glasdegib AIRF 7T 3 2
e AE M R G0 I bR b, TR S Tk 1 A AN
PEBEME (G M 4 i A S R T 4 B AR R 1 e
J1H7, 41 glasdegib AT LARH Stk 6 24 1 175 410 B2 Fr)
YA, LEARN glasdegib 3 iE A A3 540 M A
Hedgehog 15 5 18 % 4 ) PR BE 14 11 05 1) K A2
Je 8, 3Rt R I glasdegib VA YT E LI B AL
FERME T Gli2 s 30 1 WG
W, HBE R R B2 804 160 A1 320 mg 71 glasdegib
YRI5 HB A H D075 B R M 33 2, T AE SRR 640 mg
{10 v 750 B T R A S MK i DR R 7K 25 ™
MIAS RN, KB BRIP4 1P, Glasdegib 1F
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Table 3 Hedgehog inhibitors in clinical trials. Data sourced from ClinicalTrials.gov (www.clinicaltrials.gov)

Compound Target Organization Cancer type Phases of clinical research
TAK441 Smo Takeda Basal cell carcinoma Phase I (NCT01204073)
Glasdegib Smo Pfizer Acute myeloid leukemia Phase II (NCT01841333)

Chronic myelomonocytic leukemia Phase II (NCT01842646)
Taladegib Smo Ignyta Esophageal cancer Phase II (NCT02530437)
Small cell lung carcinoma Phase II (NCT01722292)
Medulloblastoma Phase I (NCT01697514)
Breast cancer Phase I (NCT02784795)
NVP-LEQ506 Smo Novartis Medulloblastoma Phase I (NCT01106508)
Basal cell carcinoma Phase I (NCT01106508)
BMS-833923 Smo Bristol-Myers Squibb Leukemia Phase II (NCT01218477)
Basal cell carcinoma Phase I (NCT00670189)
Small cell lung carcinoma Phase I (NCT00927875)
Stomach neoplasms Phase I (NCT00909402)
Arsenic trioxide Gli - Leukemia Phase IT (NCT01835288)

Central nervous system Tumors
Melanoma

Non-small cell lung

Cancer multiple myeloma

Phase I (NCT00275067)
Phase I (NCT00571116)
Phase I (NCT02066870)
Phase I (NCT00258245)
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IR IR A BRI R BRI . BT, ATO 7EIf R &
CVA Z /M F0 R TR T S48 A LR R G P iR
(& 3).
33 ATFIaABTHAZRMEZN Hedgehog {551
i1l 551
3.3.1 Smo #P#IF
3.3.1.1 MRT-92 MRT-92 722 [ [H 5 Rl 240 50 b
W — P BEEAC L &9, Bl S Smo X EZ
AL B S5 AR H] Smo FETE. 7 C3HI0T1/2 4ilji
k-, MRT-92 7] LAFEGYEE /R /K40 B Smo #3157
SAG BUE ) Hedgehog 15 Tl % . £ Gli- G R AR
LIRS I 5256 o, MRT-92 #0141 Shh-Light2 4
Hedgehog 15 S HIRE /) [CREINHIE (ICso) HA
2.8 nmol-L™"], BN Lb4E AT (ICs {5 A 7 nmol-L ™)
MZRRBEH (ICsoffiy 12 nmol-L™") 8. [Hi, MRT-92
0o B4 5 — AT USR] Preh™ /I BRUBE 41 I 98 4
M . (R — P IR (1, Smo & 4> M4k X
3ol 0 5 B DX 3 S04, T H AT Smo I 71 22 25
AT Smo HAMMAMXIRL (W ELE . HESE4E 5
RREHE). X MRT-92 #4747 4 2 (i
5T 7R, MRT-92 AMYUAE Smo 25 1 I IAN X 4 _F A 45
B, RS X I _E AP S A AL . MRT-92
5 Smo EHH Z AL A&, #&78 MRT-92 1] LUVA T 4E 5L
5 T 247 1 Jeh 989 o 5 A T 19 0IE 5% MIRT-92 6 4 4
HM 251 Smo AR DA73H A HMHIEH . 4
MRT-92 5 Smo £ M s 45 & R E Bk 145 &
Ve R R R, SR TR R IR
1M H AT AR A MRT-92 BIGARWE I, B2 X 22 4%
PPN .
3.3.1.2 PF-5274857 PF-5274857 /& Pfizer A m] W&
[ EL A 2 375 1A B R R 0 RS B 1 Smo #0411 751 A4 op
SEIG R, PF-5274857 1E/NRIRIG AT 4E41 8 (MEF)
HHE DU VRS & F Smo R, FEAENEE K P
N Glil 2N [ RIE . PF-5274857 $Mii] Prch™ p53™
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/N BB R 40 R84 R 3 B YT 1C s {52 8.9 nmol-L7;
EREREAN IR A AR ) EE 10 mgkg ' IR
PF-5274857 ik WJ 58 A 40 il g () 38 <, 24 28 mg o T
YTl (HEE 12.5 mgkg ' 5E A HNE R K.
[ PF-5274857 nl LU R ME 41 2i% Glil. Gli2.
Ptchl Fl Pteh2 [F3RiA /K, 25 528 i A IR /N BRAF 5 %,
i1 FL3E A BA S i 2 R L. 2580 ) S wik Fe R W,
5% 4 h JE KR P EE 40% 1) PF-5274857 W] LA
375 3 i P g 5 R N i R, A A A B R YR T G
G R ARG . SR H ATIE K WL PF-5274857
e AR5 P T
3.3.1.3 AT-101  AT-101 2 —Fh AARAT A 3R U K
SR, BRTAEA Bel-2 #IHIFITEIR IR 11 167 2 Fh
i 97 4 =l /IS 4 e il e R0 B 300 o o O . o B g R B
AT-101 X} Hedgehog 15 5 i A B BHHIIEH, 78
NIH3T3 4i i -7 LA R i Glil f mRNA 7K°F; 9863k
B % 5 4 Smo 25 H A 7R B, AT-101 9 /2 #E 7] Smo
| A R0, AT-101 7] LLIMH] Preh™ p537 /MR,
0 5 £ R 40 B 3G B, T O R S0 1 45 R R
BEREAN AR 40 B IR B BT, KA AT-101 A5
YHAAET: . TERE BN AL DR AR AL R AT-101 &
B 535 AR R, £E 40 mg-kg ! R T R
HILF] 70%, FPHZIRTT Hedgehog 15 5 18 B MK
i JR (R 25 « AT-101 1y Bel-2 #0177 7E Ife R
FHR AR I B R, A ELENIR L7
Hedgehog 15 5 1 2% AH I i 8 1R 1697 80R
3.3.1.4 EHh Smo HIFIF Novartis 2 &) i & Bk EE
F14EY) Anta XV 152 —Fh Smo #1177, ¥ B 40 mg-kg
FIE A LA Prch™ pS37 /N EERFAIMUR A K. H
Anta XV 1597 /0N AR EE 5563 JR AL AR EL gD 13 20%,
RO AR FREMC 2T, BEE R K
BRI Anta XV IS5 H SUE IR LA 10e (B
2) RILVHELFHIZ58. AW 10e 15 Gli-K LK
5 JE R AR rp 4] Hedgehog 13 5 38 B 1 1Cso 8 EL
Anta XV A% 10 fi5, FX/IN BRUBE RS M 78 240 A 1) 38 5
087 F % 58 T Anta XV. 40 mg-kg ' FE LA
) 10e ] LU 25 401 /) SR P9 B B 40 PR 0 A, T
SNRARE L E M, M Anta XV G H B K
i 52 13, BT A A4 10e (25280 8% 22 4 PE BT 7
EFERETH

& 65 (K 2) & ERM B b i 259 7t o
RIS R BRI & Y Smo . 78
Ptch™ p537/IN BRURERF 40 IR 10 A Py AN RS o K
Y1 65 R 5 Y SE4E 5 AH LR HIR AR, T /N B

RETE . HALEY 65 MEHKPRAER Smo KA
W539L 5k D473H (41 i -5t = Hedgehog il 35 R,
PR HICTR TR T Y A R 2 (R 7 Rk,
AW 65 $2AE T A I T 4% G0 K H I i 28 Smo 41011 71
(e ) 1R, A Smo HHIFR
RAREIERL o

A
| e
N O
NﬁN@< N\©\/LN
N OH \
N7 e cl
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Figure 2 Chemical structures of the compound 10e and 65

332 Gli #I%I7
3.3.2.1 GANT-61 GANT-61 & Hi3% & [E 5w i if
TR AR Gli e IR i 770, 6 525 4] Glil
1 Gli2 [f) DNA Z5& 8771, GANT-61 W LGS &
PEBEME O MR A T, R4 R 3G A, I
L it 94 5 o L e 4 B e A B AR R AE T
20 AR 2R GANT-61 A] LU R IR Glil, {5 5%
S 5 SERE R T-3 (signal transducer and activator
of transcription 3) MK4HMEK 15 5 1& M & H-3
(suppressor of cytokine signaling 3) W& H KV kK %E
098 R UY . 78 Daoy 408 GANT-61 #g L i
caspase-3 fll caspase-9 fJ&E HRIEKF, FFREFFIKL
R BT, 2k R Rk A i 20 {3 H A
GANT-61 &AL F Im PRI T B, sk Z ik — B 1) %
PV .
3.3.2.2 FN1-8 FNI-8 J& i 38 [ A48 Je I K 27 i
KA Gli #0177 Gl 8 H B i A 8 — A i
i, AW FN1-8 #8507 Tz M 454, AT R
FE S PEHATH] Glil A0 GL2 B3 iG 1 o 78 1 i 5
[F1) 2 96 4L L, FINL-8 of e 44 L F) A= A 41 ol R W
OB T AESLAE IR AT AR EE R A R . FEA
[F] 2 96 /I8 B R RS R AR AL |, 50 mg-kg™' FNI-8 [
iR 4 ) 2R IK B 51%, HAR IR R R, 54k
FN1-8 FEAR AT DL 1) = /) 40 0 it e 40 P ) 464 5,
AR A R GLiL R PTCHI fR3E, 6f 1E & 41 i
S0, [R50 mg-kg ' FN1-8 W] LLLE Al 4 i
H460 A1 A549 (/1N B 5 RS R8T A6 70 v 10 ) f R 1)
AR, TR /N BRI G R . R 4 A Zh K
b, FNI1-8 #RILH RIFH 241, A 8wk B Al
Hedgehog {7 51 % 11 71 2 &1V FH K AR 1] 8
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3.3.3 Shh Bgi&NHIF

£ 3 F Hedgehog B A4+, Shh BC A4 2 iifA 4H 24
FIE )2 BB R I EL A . T {FE 94 it Hedgehog
55 R AR B 4, Shho S At A 104 R R
Hedgehog i@ #5845 . Shh FCARME N Smo B L iF &
[, #0] Shh 1 7] AMARA B Smo TS|
TR} 245 1) R
3.3.3.1 RU-SKI 43 {EHIFEAIA A Shh & H 2
1, Shh 155 Z KW E K —1 19 kDa ] Shh
BC AR M. ZATARTEIE R 1 Hedgehog W& 54 #4
(Hh acyltransferase, Hhat) FI{EFH TERHIBEALAS 2%
IBCAA, BE S T 0% Hedgehog 15 5@ . Hhat
SEIR BBk /N BRAD Shi JEE DR /I R B0 HH AR [ 9 &
BB, $28 Hhat A7 DU #IH] Shh Bl A4S 1 1)
FEART), RU-SKI 43 2 38 3o o3 12 07 4 345 (10 7 40
K- B4 Hedgehog {5 5@ i M 58 71 ) Hhat 141
#o FEFLARE AN b, B RU-SKI 43 Kb 48 ffg 5k pil 5
Y Hhar 55 D8RS 300 40 i p 6 0, 1R B 3 R0k
Hhat 7] LLJ& 55 RU-SKI 43 (3058 2 R 7%, 54 RU-
SKI 43 n DAJ i) i i 5 5 M 440 P 0y B89 8, T g o
Hhat F R4 1) F B g /)~ B S o o AL A 28w b 80 1) 2
K7, Ak RU-SKI 43 47 3 il 1497 Hedgehog 15 5
R DS A R, T E R IR B BB B R A
3.3.3.2 Shh BEEHIA SE1  SE1 Z#E[A] Shh
SUREPLR, AR E LS G IR Shh BC A 5P . 78 Bk
JiRdE /N B S P AL B AR |, 20 mg-kg ' SE1 AT LA
B S 40 1 bR A AR K, LI /N BB AR B SR A e
i, A AN RSN R i U 7RI T JRUSE ' S S
FhAS AR ORI 5 rh, SEL AT LU ) fi 39 2 K RN 4 75
[ i R B R A R 2 700, iR L, SEL A
9 Hedgehog 15 5 1l i AH O M&E 10697 T B, EAN T
TR — 2B I AR A
4 REERE

Hedgehog 15 5 S 7EH FLAN M I K B i A2 ke
P EERME, MK Hedgehog {5 5 M I 7 % Ff
IR IR R AR R R A B DG B A £ . DRI, AR
Hedgehog 15 5@ % b JLA> 3 24 ¥ 43 (Shh.
Smo 1 Gli) #EEL 7 ¥GYT IR B # T THEAR . P iE o
ISR Smo NI, T4 4ksipl5f
REF LWL YH FDA HILvE LT Finr s fetk
VRS S I R R A M o SR, RN R SR 2,
TR Smo I FRIAELE H WL B 25 M . e -
T 1Y Smo 0] 771 4 B4 3% 7 I I I 72 I Bt o 2R
T 2 B R A PR R R R 2 4R e AR

Smo FEAF A2 B 2 O Fe 9T R 1 5 — A LT R Smo
i 7 Je F AP AR/ R R LY B R I T 2
AT 25 Smo TARE, [FIFEFURE RJEH IR I
Jo () R BR A% o b4, € T B9 Smo $ i) 7 AF 7 K 3k (1)
BEIEH, UARE R 5 %0 DIREZE, B
R BRGEE e JORAT IR AR, T N A 2 5l A
oo N T e RAE4E Smo 755 B4 F AT 24 14 1)
W, SV BT L) Hedgehog 15 5 38 5 111
Ao FLH Smo #IHI5 taladegib. NVP-LEQ506.
MRT-92 #1 TAK-441 7E Il R AT 5T o C 24 E S AT LA
TR YT R A B S i 24 0 R o v vk [ [ SR
FUBEAF I Y MRT-92 7] PA%5& T Smo & 2 /M
&, BEGEXE Smo FIHE R MRS A 71, W8> 251 A
VE F A= AR 1 25 10 JL 3 o R I Smo _E 5§ A5 Shh
B A () 4 1) 571) RU-SKT 43 1 SE1, LK HE[A] Smo i
B Gl HHI7 GANT-61. FN1-8 I =41k —fif,
A LA Smo R RS RZM, B b RE v IR 4E
LA i 24 2 B mIAE A AN EL e BT R 25 )
Y TG AR 8 75 A OUR TR YT I A B R 4 o,
Hedgehog 15 5388 6 411 1) 771 %o L At AH DG it g 1 ¥ 97 47
AW RRESE. K ECLHZFR Smo I 7IA
Gli G BE AR . U 5w . S5 B . R
Je /IS e R P B A 1 L9 A5 o S e e
B, P T RIFRITR. BTS2, BRI
Hedgehog 15 51 % Bt I8 25 W) B A T Rl i i 5,
EA IR B ERANBRE 5T, PLSE IR A 49 2 6l
A P A 24 1 100, 9k — 20 Fh B R IR 9T I 2R T
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